Cytokinin conjugates of zeatin, ribosylzeatin, and their respective dihydro derivatives tentatively have been identified as the major cytokinins present in mature Ginkgo biloba L. leaves. Ribosylzeatin was present in higher levels than zeatin and dihydrozeatin. No evidence could be found that 6-(2,3,4-trihydroxy-3-methylbutylamino)purine occurs as a metabolite in the mature leaves. From the avaiable evidence, it is concluded that cytokinin conjugates are probably the major metabolites formed in the leaves of this deciduous gymnosperm.
During development, leaves undergo both quantitative and qualitative changes in their cytokinin content (5, 7, 10, 12, 14, 19, 20) . It is generally accepted that these cytokinins are derived from the roots and are then utilized and/or metabolized extensively in the leaves (21) . Probably the most significant aspect related to a changing pattern of cytokinin metabolism in developing leaves (6, 19, 20) is that with leaf maturity these compounds are stabilized by reduction and glucosylation reactions (6, 7, 15, 19) . The precise role of these metabolites, and in particular the cytokinin-0-glucosides which are formed, remains to be elucidated.
With regard to deciduous plants, it can be argued that their leaves senesce and abscise in spite of the presence of large amounts of cytokinin-0-glucosides. This seems to be in disagreement with the generally held view that cytokinins delay leaf senescence (18) . This view cannot be entirely substantiated as the naturally occurring free cytokinins are not very effective in delaying leaf senescence (1, 4, 24) , and differ considerably in their ability to act as anti-senescence compounds. According to Dumbroffand Walker (4), cytokinin ribosides appear to be more effective in this respect than their respective free bases. These cytokinin ribosides are however, rapidly metabolized into cytokinin conjugates once they are transported from the roots to the leaves (15) . Such metabolism could be responsible for the elimination of cytokinins necessary for the prevention of leaf senescence.
The present study was undertaken to obtain more information about the nature of the cytokinins present in mature leaves of Ginkgo biloba, the ultimate aim being to investigate the transport and metabolism of cytokinins in the shoots of this deciduous gymnosperm during different stages of leaf development. ' Supported by a grant from Council for Scientific and Industrial Research, Pretoria, South Africa. 
PROCEDURES AND RESULTS
The cytokinins in 5 kg of mature Ginkgo biloba L. leaves, collected in February 1981, were extracted and purified with Dowex 50 cation exchange resin as described previously (19) . The extract was strip-loaded onto Whatman No. 1 chromatography paper and the constituents were separated by descending chromatography using isopropanol:25% NH40H:water (10:1:1, v/v). After drying, the chromatograms were divided into 10 equal RF zones and the equivalent of 10 g fresh leaf material was assayed for cytokinin activity using the soybean callus bioassay (13) . After the callus had grown for 28 d at 26 ± 1°C, two peaks of biological activity were detected (Fig. 1) . Most activity was of a polar nature and co-chromatographed with Z-O-G2, THZ, Ado, and Ade which were not separated by this solvent system. A smaller peak of activity was detected in the nonpolar region of the chromatogram and co-chromatographed with Z, ZR, and their respective dihydro derivatives. When extracting for dihydroconiferyl alcohol, a compound which does give a response in the soybean callus bioassay ( 11), very little activity was detected. This indicates that this compound was unlikely to make a considerable contribution to the cell division activity which was detected in the mature leaves.
To obtain more information about the nature of the compounds associated with zones A (RF 0.2 to 0.5) and B (RF 0.5 to 0.8) detected on the 1:500 aliquots of the paper chromatograms 2Abbreviations: Ado, adenosine; Ade, adenine; Z, zeatin; ZR, ribosylzeatin; DHZ, dihydrozeatin; ZG, glucosylzeatin; THZ, 6-(2,3,4-trihydroxy-3-methylbutylamino)purine; IPA, isopentenyladenosine. Fig. 1) , the residual portions of the respective zones were eluted with 80% ethanol, filtered, concentrated, and then fractioned on a Sephadex LH-20 column with 10% methanol (9) . Forty-ml fractions were collected and a 1-ml aliquot of each was used for bioassay purposes. For zone A (Fig. 1) , two distinct peaks of biological activity were detected in the Sephadex column eluate (Fig. 2) . Most activity co-eluted with Ado and THZ. The second peak of activity was more polar (400 to 480 ml). The remaining material from each peak (Fig. 2) was dissolved in 80% ethanol and the solutions were streaked onto Merck PF254 silica gel TLC plates (20 x 20 cm). The plates were then developed once to a distance of 15 cm using the upper phase of 1-butanol:25% NH40H:water (6:1:2, v/v). After drying at 40'C for 12 h, the plates were divided into 10 equal strips and the equivalents of 10 g fresh material were bioassayed by incorporating the silica gel into the bioassay flasks. Peak 1 (Fig. 2 ) yielded two peaks of activity (Fig. 3) , most occurring at RF 0 to 0.1, and a small amount co-chromatographing with Z and ZR. This suggests that Peak 1 (Fig. 2) (Fig. 4) . C, Separation ofbiologically active peak which co-eluted with Z (Fig. 4) Fig. 3 ), was subsequently eluted from the silica gel and the peaks were fractionated individually on a second Sephadex LH-20 column with 10% methanol (Fig. 4) , only one peak of cytokinin-like activity being detected (560 to 640 ml). Treatment of aliqots of peak 2 (Fig. 3) with KMnO4 (13) brought about only a slight reduction in its cytokinin-like activity, and its elution volume from Sephadex LH-20 remained the same after the oxidation treatment. This suggests that most of the activity associated with this peak was due to substances (a) with a saturated side chain, (b) or were substances that oxidized to THZ (which in this chromatographic system has the same elution volume as the untreated material [22] ), or (c) that they were not substituted adenines.
Treatment with ,B-glucosidase (19) resulted in the disappearance ofthe original peak ofactivity and the subsequent detection of three peaks of activity (Fig. 4) which co-eluted with DHZ, Z, and IPA, respectively. Aliquots of the peaks (Fig. 4) co-eluting with DHZ and Z were subjected to HPLC analysis (details in legend of Fig. 5 ). As found by Walker and Dumbroff (25), we were unable to duplicate the separation of cytokinins using the HPLC methods described by Horgan and Kramers (8) . The results presented in Figure 5 show that the peak which co-eluted with DHZ after (l-glucosidase treatment yielded a number of UV-absorbing peaks. While accepted that such peaks are not definitive, the major peak did, however, have the same retention time as authentic DHZ. When spiked with authentic DHZ, no additional UV peak was detected. The peak which co-eluted with Z gave a UV-absorbing peak which co-eluted with trans-zeatin. The information obtained indicates that the mature leaves of G. biloba contained considerable quantities of glucoside conjugates of Z and DHZ.
The more polar peak (peak 1) detected after column (Fig. 2 ) and TLC chromatography (Fig. 3 , RF 0 to 0.1) again eluted from Sephadex LH-20 between 400 and 480 ml (Fig. 6) . Treatment of this peak (Fig. 6 ) with KMnO4 resulted in a considerable loss of biological activity, suggesting that most of the activity was due to compounds with an unsaturated side chain. B-Glucosidase treatment of peak 1 in Fig. 3 resulted in the shifting (after Sephadex LH-20 chromatography) of all the biological activity to a position where it co-eluted with ZR. It thus appears that the more polar peak of activity consisted of a glucoside conjugate of ZR and its dihydro derivatives.
The nonpolar peak of activity (Fig. 1 , RF 0.5 to 0.7) yielded three cytokinin-like peaks upon fractionation by Sephadex LH-20. Most activity co-eluted with ZR while two smaller peaks coeluted with DHZ and Z, respectively (Fig. 7) .
The HPLC profile of a 5-id aliquot (equivalent to 200 g fresh material) ofthe biologically active peak which co-eluted with ZR is shown in Figure 8 . The major UV-absorbing peak co-chromatographed with trans-ZR. No additional peak was detected when it was spiked with authentic ZR. was responsible for only a relatively small proportion of the detected activity. Within this less polar component, compounds which co-chromatographed with ZR gave the best response in the soybean callus bioassay. As the biological responses of Z and ZR are similar in this bioassay (2) it seems reasonable to conclude that higher levels of ZR-like compounds were present in the mature leaves. This is significant as exogenous application of cytokinin ribosides were reported to be more effective in delaying leaf senescence than their respective bases (4) . In an earlier report ( 19) , it was shown that the ratio of ZR to Z in G. biloba changes with time. In yellow senescing leaves collected in June, the ZR levels were low while Z levels were high. It thus appears that to delay leaf senescence the presence and maintenance of ZR at a specific level may be very important. As the level of cytokinin conjugates increase when the leaves senesce ( 19) , it would appear that control of the conjugation process may be significant (e.g. the leaves senesced in spite of the presence of high levels of cytokinin conjugates). This would further indicate that cytokinin conjugates are not very effective in delaying the senescence process (3, 19, 20) , and would be in agreement with the suggestion that cytokinin glucosides are storage (terminal or otherwise) products ( 16, 17, 21, 23) .
DISCUSSION
When trying to assign a function to cytokinin conjugates in deciduous leaves it may be desirable not to consider them as compounds which are involved in nutrient mobilization, cell division, or leaf senescence, but rather to regard them as being involved with the elimination of active cytokinins which are transported into the leaf. Thus, their formation could indirectly be responsible for ensuring that the leaves do senesce and abscise.
Although a large proportion of the biologically active compounds isolated initially co-chromatographed with THZ, subsequent evidence indicated that this oxidation product of Z (22) was not present in detectable amounts in mature Ginkgo leaves. It thus appears that under natural conditions conjugation of cytokinins is the predominant way in which cytokinins are metabolized in mature G. biloba leaves. In subsequent papers, further attention will be given to this aspect, and to the question as to whether or not the respective metabolites formed within the leaves at different stages of development are re-utilized or not.
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